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The article presents an overview of Russian and foreign papers on the subject of
quantitative assessment of woody plants growth on abandoned agricultural lands and possible
ways to utilize them. Particular attention is paid to analysing the causes for the abandonment
of such lands and the legislation issues that limit the provision of such areas for commercial
forest growing in Russia. According to various estimates, the area of abandoned agricultural
land in the world varies from 150 to 472 million hectares, with 33 to 100 million hectares being
in Russia. At the same time, there is a trend towards an increase in the area of such lands. The
rate at which the area of abandoned agricultural lands is increasing is about 1% per year on
average. It may vary over time and depend on the region. The main groups of factors that
contribute to the agricultural lands falling into disuse are social, economic, environmental,
landscape and historical. The most promising is the involvement of such lands in climate-smart
forestry activities, especially for agroforestry. This is due to the multiplier effect from, on the
one hand, obtaining forest goods, including bioenergy, and on the other hand, services,
including the use in crop or livestock farming activities. Currently in Russia there is no
legislative framework permitting commercial forest growing on agricultural lands, with the
exception of planting shelterbelts and other protective structures, despite the active position of
organizations and government structures involved, so its development proves to be a necessity.
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The generally recognized problem of studying the potential of forest ecosystems

climate change instigates interest in for absorption and storage of greenhouse
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gases, including the search for ways to
compensate for emissions using woody
plants. For example, the new EU forest
strategy for 2030 aims to plant an additional
three billion trees on non-forest lands to
achieve the goals of the European Union in
biodiversity and reduce greenhouse gas
emissions by at least 55% by 2030 (Novaja
lesnaja strategija.., 2021). Russia has also
committed to a 70% reduction in green-
house gas emissions as compared to 1990
levels (Paris Agreement, 2015). In accor-
dance with the Low-Carbon Development
Strategy of the Russian Federation (Novaja
lesnaja strategija..., 2021), Russia must com-
pensate for 1.1 billion tons of CO2 emissions
to become carbon neutral by 2060.
Climate-smart forestry projects are
recognized as one of the most important
ways to achieve the goals of adaptation to
climate change. In addition to climatic
benefits, proper organization of such
projects can support biodiversity, improve
the protective functions of forests, increase
the economic efficiency of the forest sector,
and develop the local economy
(Lesoklimaticheskie proekty.., 2021). The
scientific community recognizes the use of
abandoned agricultural lands for forest
cultivation as one of the promising types of
climate-smart forestry projects. The grounds
underlying the use of such territories include

a low baseline, significantly large areas of
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these territories, and their multiplier effect,
which can bring benefits to the economy and
environmental conservation (Rezoliutsiia...,
2021). The signing of the Glasgow
Declaration on Forests and Land Use has also
contributed to the relevancy of involving
abandoned agricultural lands in forest
climatic activities (Iurgens, Turbina, 2022).
The countries that joined the Declaration,
including Russia, identified the transition to
sustainable land use as a key area for
conservation and restoration of forests, for
which national agricultural strategies and
programs should be adjusted if necessary.
Nevertheless, the contribution of woody
plants of such forests to the national and
global carbon budget remains unaccounted
for, which poses a huge problem (Zomer et
al,, 2016). Therefore, it is vital to assess areas
covered with woody plants on abandoned
agricultural lands and analyse the factors of
their formation to understand the carbon-
depositing potential of such areas and
possible ways of their involvement in
climate-smart forestry activities.

Currently, it may be challenging to
estimate the areas of abandoned agricultural
lands, the composition and structure of
vegetation on them on a global scale due to
the differences in measurement methods
creating complications (Subedi et al., 2021);
their formation

factors may differ

significantly, therefore they must be
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considered individually. Estimation may also
be difficult because of different groups of
researchers suggesting different interpre-
tations of the term of abandoned agricultural
lands (Haddaway et al., 2013). The classic
definition of abandonment is termination of
agricultural activity in a given area (Pointe-
reau et al., 2008). The abandonment of
agricultural lands can be final, incomplete,
hidden or repetitive, and it represents a
decrease in the intensity of agricultural
activity over time (Prishchepov et al,, 2021).
The Food and Agriculture Organization of
the United Nations (FAO) defines abandon-
ment of agricultural land as termination of
agricultural activities on agricultural land
for a short or long period of time, as well as
passive use of such land and evolvement of
succession processes (Land Abandonment...,
2011; Terres et al., 2013; Analysis of land...,
2023). Decree of the Government of the Rus-
sian Federation No. 1482 dated 18/09/2020
About Signs of Non-Use of Land Plots from
Agricultural Lands defines abandoned agri-
cultural land as an area where at least 50%
is covered with weeds and the remaining
partis not operated, or the area is utilized by
no more than 25%. In accordance with
Federal Law No. 101-FZ dated 24/07/2002
On the Turnover of Agricultural Land, agri-
cultural lands are recognized as non-utilized
and withdrawn if the area has not been

utilized for three or more consecutive years.
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When analysing the potential use of
such areas in climate-smart forestry
projects, an integrated approach is needed
taking into account alternative uses of
abandoned agricultural lands to select the
most rational ones. This approach serves as
a basis to organize smart forestry, both for
careful attitude to natural resources and for
creating synergies with other fields of the
forest-related economy (Kauppi etal., 2018).

This article is intended to discuss
estimates of woody plants growth of
abandoned agricultural lands, reasons for
termination of agricultural activities, and

existing areas of involvement of such lands

in climate-smart forestry activities.

World Estimates of Woody Plants
Growth on Abandoned Agricultural
Lands

The current trend towards reducing
agricultural land areas with their sub-
sequent woody plants growth is global. The
amount of abandoned agricultural lands
worldwide in the period from 1700 to 1992
is estimated at 150 million hectares
(Ramankutty, Foley, 1999). In the paper by J.
Campbell et al, the area of abandoned
agricultural lands is estimated at 385-472
million hectares (Campbell et al, 2008).
During the 20t century, the largest number
of agricultural lands were abandoned in

North America, the former Soviet Union and
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South Asia, followed by Europe, South
America and China (Cramer et al., 2007).

In the paper by M. Gvein et al. (Gvein et
al,, 2023), a global assessment of the area of
abandoned agricultural lands from 1992 to
2018 was made based on Earth's remote
sensing (ERS). The total area of abandoned

agricultural lands is estimated at 98 million

hectares (fig. 1, a). There is an increase in the
rate of abandonment of arable land from 3.6
million hectares a year in the period from
1992 to 2015 to 4.8 million hectares a year-1
in the period from 2015 to 2018. According
to the authors' forecast, by 2050 the area of
such lands may increase to 168 million

hectares (fig. 1, b).
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Figure 1. Dynamics of forest areas on abandoned agricultural lands (Gvein et al.,, 2023)
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The reduction of agricultural land area
is not always accompanied by aban-
donment. In some situations, agricultural
land is seized for the needs of industry, and
subsequently infrastructure facilities arise
in these areas. However, D. 1. Ljuri et al.
(2010) emphasize in their paper that the
impact of agricultural land seizure for
construction in the period from 1961 to
2000 is significant for a small number of
countries, such as Japan, India, the
Netherlands, Belgium, and Germany.

In the mountainous regions of China,
about 28% of arable land was abandoned
during the first decade of the 21st century
(Subedi et al., 2021). In particular, from
2000 to 2003, the area of abandoned
agricultural lands covered with woody
plants throughout China increased by 1.41
million hectares (Liu et al., 2010). In the
abandoned agricultural lands of northern
China with a total area of 72.48 thousand
hectares in the period from 2003 to 2013,
20% of the territory underwent the
processes of forest formation at different
succession stages. During the same period,
closed forests formed on an area of 7.92
thousand hectares (Wang et al., 2015).

According to estimates based on ERS
data, in the period from 2002 to 2017, the
share of abandoned agricultural lands
within the area cultivated in 2000

throughout China averaged 5% (8.47
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million hectares). Herewith, the smallest
share of 3.7% was in 2002, and the largest
share of 6.8% — in 2015 (Zhu et al., 2021).
For about twenty of the thirty-four main
agricultural regions of China, there is a
declining trend in utilization of lands,
including some of the main grain
production areas, such as the North China
Plain, the middle and lower reaches of the
Yangtze River (Zhu et al.,, 2021).

It should be noted that, in China, the
process of forest formation on abandoned
agricultural lands is often not spontaneous,
but is an agroforestry phenomenon. This is
supported by a number of government
programs. For example, in the period from
2000 to 2020, in Inner Mongolia, one of the
regions with the most severe desertification
and land degradation in China, land
restoration projects were launched, such as
the Beijing-Tianjin Sand Source Control
Program, the Three-North Shelter Forest
Program, the Program for Soil and Water
Conservation, the Nature Reserves Program
and the Grain for Green Program, which is
by far the largest environmental restoration
plan and rural development program in the
world (Wuyun et al., 2022). The Grain for
Green program is aimed at converting low-
yielding arable lands on slopes, lands with
severe desertification, erosion, or
salinization of soil into forest lands by

planting trees. As a result of this conversion,
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from 2000 to 2018, about 700 thousand
hectares of forest lands were restored in the
agro-pastoral ecotone of northern China,
and Shaanxi Province showed the best
results in restoring vegetation. Here, the
vegetation cover in the areas covered by
this project increased from 29.7% in 1998
to 42.2% in 2005 (Cao et al., 2009) and to
45% in 2018 (almost 660,000 hectares) (Pei
et al,, 2021). The vegetation coverage area
of the Loess Plateau increased significantly,
from 31.6% to 59.6%, in the period from
1999 to 2013 (Zhao et al., 2023). According
to estimates, the involvement of 1% of lands
intended for increasing the area of forests
and reducing the share of marginal
agricultural lands in this program will lead
to an 0.26% increase in gross primary
production (Qiu, Peng, 2022).

In tropical countries, such as Brazil,
Peru, and Puerto Rico, significant areas of
intact forests have been reduced using a
slash-and-burn farming system. Logging in
combination with the diverse land
utilization cases, different land
management methods and different
biophysical characteristics of ecosystems
(for example, soil fertility) creates a
dynamic landscape mosaic consisting of
remnants of mature and secondary forest
plots of different ages and disruption
history (Kammesheidt, 2002; Rozendaal et

al., 2019). The share of secondary forests in
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tropical countries reaches 40% of the total
forest area, and their formation rate
amounts to about 9 million hectares per
yearl! (Brown, Lugo, 1990). In the
mountainous regions of southern Costa
Rica, the proportion of forests of various
successional  stages on  abandoned
agricultural lands is 32%, or 13,440
hectares (Helmer et al., 2000). In Puerto
Rico, during the decade starting in 1980, the
area of abandoned agricultural lands
covered with forest vegetation increased by
25,000 hectares and reached a total of
143,000 hectares. Most of these areas are
abandoned coffee plantations (Lugo and
Helmer, 2004). In Colombia, 71.8% of the
area of primary mature forests has been cut
down in the last 30-60 years in six
landscapes, including the central
(Magdalena) and eastern (Orinoco, Amazon
and Catatumbo) regions of Colombia (Etter
et al,, 2005). Logging is required to obtain
new agricultural lands, since the condition
of the existing lands deteriorates over time
due to overgrazing and soil compaction,
which  subsequently leads to the
abandonment of lands and forest
restoration on them. A mosaic of forests has
formed in this area at various restoration
stages.

Remote sensing data showed that the

total area of abandoned agricultural lands in

Europe is 128.7 million hectares, most of
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them associated with the dissolution of the
USSR (Estel etal., 2015). Between 2001 and
2012, about 7.6 million hectares were
abandoned, mainly in Eastern Europe,
Southern Scandinavia and the mountainous
regions of Europe (Estel et al., 2015). In the
period from 1962 to 2019, the largest areas
of abandoned agricultural land among the
countries of the European Union were noted
for Italy (7.53 million hectares), Spain (7.03
million hectares), and France (5.78 million
hectares) (Barsukova etal., 2021). In France
and Spain, over the past 100 years, the
annual losses of utilized agricultural land
amount to 0.17% and 0.8%, respectively
(Keenleyside et al., 2010). In the Nordic
countries, such as Denmark, Estonia,
Finland, Latvia, Lithuania, Sweden, up to
1.8-2.6 million hectares of agricultural land
are forested (Rytter et al, 2016). The
maximum increase in the area of abandoned
agricultural lands in Europe was observed
in 1990-2000, which is again associated
with the USSR dissolution. For instance,
over the period from 1990 to 2000, the
increase in the area of abandoned
agricultural lands was 42% in Latvia, 31.1%
in Russia, 28.4% in Lithuania, 14.0% in
Poland, and 13.5% in Belarus (Perepechina
et al, 2016). In Latvia, the area of
agricultural lands with woody plants may
exceed 300,000 hectares. Timber reserves

in these areas are estimated at 4.82 million

D. V. Gichan, D. N. Tebenkova

m3 (Liepins et al., 2008). In the Polish
Carpathians, the area of abandoned
agricultural lands grown over with woody
plants is 13.9% (107.000 hectares);
depending on the location, the areas vary
from 1.7% to 38.4% of the region (Kolecka
et al, 2017). In the border triangle in the
Carpathians, which includes the territories
of Poland, Slovakia and Ukraine, from 1998
to 2000, the area of secondary woody plants
on abandoned agricultural lands increased
by 161 thousand hectares (12.5%)
(Kuemmerle et al., 2008).

The largest increase in such areas is
characteristic of Slovakia, amounting to
119,000 hectares (20.2%) (Kuemmerle et
al, 2008; Prishchepov et al, 2012). In
western Ukraine, the area of abandoned
agricultural lands reached 660,000 hectares
in 2008 (Baumann et al., 2011). In their
paper, D. L. Ljuri et al. (2010) note that, in
the former USSR, the area of agricultural
lands has been declining since 1970, mainly
in the non-chernozem zone of the European
Russia, Western Siberia and the Urals. The
area of agricultural lands in these regions
fell down from 1970 to 1990 and amounted
to 8.6 million hectares, which was mainly
caused by the reduction in the rural
population in the post-war years and
unfavourable soil and climatic conditions.

The regions posing the highest risk to

become abandoned are the mountainous
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regions of Finland, Sweden, the Pyrenees,
north-western Spain, Portugal, the central
massif of France, the Apennines in Italy, the
Alps, the mountainous regions of Germany,
and the border region of the Czech Republic
(Keenleyside et al., 2010). According to so-

me forecasts, by 2030 the amount of aban-
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doned agricultural land in European coun-
tries will reach 4.8-5.6 million hectares (fig.
2) (Castillo et al., 2018, European Commis-
sion...,, 2021), while according to others, by
2040 the area of abandoned agricultural
lands in Europe will amount to 7.1-21.2

million hectares (Janus, Bozek, 2019).

H
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e @
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Share of abandoned agricultural lands in

Figure 2. Predicted areas of abandoned agricultural lands by 2030 for European
countries (according to Castillo et al,, 2018)

Since mid-19th century, agricultural
lands in the north-eastern regions of the
United States have ceased to be utilized due
to competition with agriculture in the
Midwest and the Great Plains. About 75% of
agricultural land was abandoned between
1880 and 1997 (Lana-Renault et al., 2020).
For example, in Tompkins County, with an
area of 125,000 hectares, forests were
actively cleared during the 18-19th
centuries, which reached its peak by 1900.

By early 20t century, many farmers began to
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abandon the fields in search of better farms
or more profitable jobs elsewhere. Since
then, forests have continued to recover,
occupying 54% of the county's land area by
1995. By 2005, the local landscape consisted
of mature secondary forests, in which the
native beech forests were replaced by pine,
maple and ash (Flinn et al., 2005). According
to some estimates (Zumkehr, Campbell,
2013), the area of abandoned agricultural
land in the United States by 2000 was 68

million hectares, which is consistent with
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another study (Yu et al,, 2019), in which the
area of abandoned arable land in the period
from 1980 to 2016 is estimated at 38.1-48.1

million hectares.

Woody Plants Growth on
Abandoned Agricultural Lands in Russia

The socio-economic crisis that hit
domestic agriculture in the early 1990s
resulted in a situation where many arable
lands, hay fields and pastures ceased to be
utilized (Maslov et al., 2016). Thus, the area
of agricultural lands of the Russian
Federation in 1990 was estimated at 639.1
million hectares (Barsukova et al, 2021).
According to official data, it amounted to 400
million hectares in 2010 and 381.7 million
hectares in 2020 (Doklad o sostojanii i
ispol'zovanii zemel'..,, 2021).

Forest communities have formed on
many abandoned areas in 25-30 years.
However, there is currently no unified
accounting system for woody plants growth
of abandoned agricultural lands, which is
why the estimates of such growth by
different authors are ambiguous. According
to various estimates, the area of abandoned
agricultural lands in Russia where woody
plants have grown ranges from 33 million

hectares (Bartalev, 2023) to 100 million
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hectares (Greenpeacel.., 2018). Estimates
based on Greenpeacel models are
constructed without taking into account
Siberia and the Far East, therefore, the area
of woody plants growth on abandoned
agricultural lands may be significantly
higher (Karta neispol'zuemykh sel'khoz
zemel'.., 2018). Regional estimates of woody
plants growth are also ambiguous. For
example, the area of forested agricultural
lands in Altai Krai is 2.65 million hectares
according to Greenpeace! (Karta neis-
pol'zuemykh sel'khoz zemel'..., 2018), and
1.1 million hectares according to Ros-
lesinforg estimates (Roslesinforg: ploshchad
zarosshikh.., 2022). The area of forested
agricultural land is 2.04 million hectares in
Perm Krai according to Greenpeace! (Karta
neispol'’zuemykh sel'khoz zemel'.., 2018)
and 1.38 million hectares according to A. P.
Belousova and I. V. Bryzhko (2021). Never-
the-less, researchers agree that the most in-
tensive processes of woody plants growth on
abandoned agricultural lands occur in the
Non-Chernozem zone of the European part
of Russia (Ljuri et al., 2010; Medvedev et al.,
2019).

One of the most extensive databases on

the areas of woody plants growth on aban-

doned agricultural lands is the Greenpeace!

ISince 19 May 2023, the Prosecutor General's Office of the Russian Federation has recognized the activities of this

organization as undesirable in the Russian Federation.
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map published in 2018 (Karta neispol'zu-
emykh sel'khoz zemel'..., 2018). The largest
areas of woody plants growth since 2015 are
observed in Novosibirsk Oblast (4.04 million
hectares), the Republic of Bashkortostan
(3.24 million hectares), Kirov (1.45 million
hectares), Tver (0.81 million hectares) and
Smolensk (0.79 million hectares) Oblasts
(fig. 3). In most cases, agricultural activities
are ceased due to remoteness of these ter-

ritories from the central regions, low tran-
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sport development, and outflow of popu-
lation from rural areas. At the same time, the
largest share of woody plants growth within
the area of the region is typical for Smolensk
Oblast, which is 35% (0.7 million hectares).
The total reserves of timber in the
abandoned agricultural lands of Russia are
estimated at 300 million m3. Its use can
significantly reduce the anthropogenic load
on newly cultivated boreal forests (Karta

neispol'zuemykh sel'khoz zemel'...,, 2018).

agricultural lands not utilized for more than

3 years

agricultural lands not utilized for more than
20 years

percentage of agricultural lands with
woody plants growth in the region's area

Figure 3. Woody plants growth area in abandoned agricultural lands of the Republic of
Bashkortostan, Novosibirsk, Tver, Smolensk and Kirov Oblasts (Karta neispol'zuemykh
sel'khoz zemel'..., 2018)

According to the estimates of the Space
Research Institute of the Russian Academy of
Sciences (Bartalev, 2023), the area of forests
on abandoned agricultural lands increased

by 5.8 million hectares from 2001 to 2021
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and amounts to 32.9 million hectares. The
average rate of increase in the area of forests
on abandoned agricultural lands is about
125,000 hectares (fig. 4).

Accordingly, the carbon stock on such lands
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has increased by 0.3 billion tons since 2001
and amounts to 1.9 billion tons by 2020. The
predominant species on abandoned
agricultural lands is birch, growing on an
area of 14.97 million hectares. Pine and larch
grow on an area of 5.35 and 4.69 million
hectares of abandoned agricultural lands,
respectively (Bartalev, 2023). It is note-
worthy that such forests are more
productive than forests growing on forest
lands. Thus, the distribution of forests on
forest lands by bonus classes is 5.4%, 6.2%,
11.4%, 16.6% and 60.3%, starting from the
first and ending with the fifth, while the
distribution by bonus classes for woody
plants growth on abandoned agricultural
landsis 17.5%, 15.0%, 20.6, 20.3, and 26.7%,
respectively (Bartalev, 2023). The average
annual rate of increase in carbon stocks on
abandoned agricultural lands is 26x106 Mt C
per year! (fig. 5) (Bartalev et al, 2021;
Bartalev, 2023).

According to some estimates (Kurga-

nova et al, 2014), the area of abandoned
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agricultural lands in Russia is estimated at
45.5 million hectares, the average rate of
carbon accumulation in the wupper 20-
centimeter soil layer is 0.96+0.08 mg CO2 ha-
1 year! during the first 20 years after
agricultural activities are terminated, and
0.19£0.10 mg of CO2 ha! year! during the
next 30 years. Consequently, the amount of
carbon accumulated from 1990 to 2009 is
811.4 million tons. Said amount includes
267.9 million tons, 294.5 million tons and
249 million tons in the Northern European,
Southern European and Asian parts of the
country, respectively. Most carbon is
accumulated in the Volga region (191.9
million tons), Western (108.3 million tons)
and Eastern Siberia (106.4 million tons), as
well as in the Urals (106.4 million tons) (fig.
6). In their papers (Kurganova et al., 2014,
2015), the authors emphasize that factors
such as soil type, forest-forming rock and the
age of abandonment of the site have a

significant impact on carbon deposition.
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Figure 4. Dynamics of forest areas on abandoned agricultural lands (according to Bartalev,
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Figure 5. Carbon stock in the forest phytomass outside the forest lands
(according to Bartalev, 2023)
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Figure 6. Carbon deposition in the twenty-centimetre soil layer of abandoned agricultural
lands in the period from 1990 to 2009 (according to Kurganova et al., 2014)

In their subsequent paper (Kurganova
et al, 2015), the authors note that the
amount of abandoned arable land after 2005
remains constant and is 45.5 million
hectares for Russia and 12.9 million hectares
for Kazakhstan. For these territories, the net
eco-system production (NEP) is 106 Mt C per
year'l and 125 Mt C per year-l, respectively.
The authors emphasize that the European
part of Russia (ecoregions of taiga, coni-
ferous-deciduous forests and forest-steppe)
accounts for 44% of the total carbon stock
provided by the termination of agricultural
activities on arable lands.

Generalized data on the areas of
abandoned agricultural lands are shown in

table 1.

D. V. Gichan, D. N. Tebenkova

Reasons for Abandonment of
Agricultural Lands

There are a significant number of
publications analysing the causes of
abandonment of agricultural lands and
formation of forests on them for European
countries where this phenomenon has been
widespread since mid-20th century (Cramer
etal,, 2007; Prishchepov et al.,, 2013; Goga et
al, 2019; Heider et al, 2021). The main
reason for abandonment is unprofitability of
agricultural activities on such lands, the
limiting factors for which and their
significance can vary significantly and
should be considered individually on a case-

by-case basis. The main groups of factors
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determining the abandonment of agricul-
tural lands include social, economic, envi-

ronmental, landscape and historical factors,

FOREST SCIENCE ISSUES, 2024, VOL. 7, No 2. ARTICLE 148

or combinations thereof (Estel et al., 2015;

Lasanta et al,, 2017).

Table 1. Estimated areas of abandoned agricultural lands in different countries

Macroregion Country/Region P;g:;g' Area, mIn hectares Author
Globally for 2008 385-472 Campbell et al,, 2008
Globally 1700-1992 150 Ramankutty, Foley, 1999
Globally 1992-2018 98 Gvein et al.,, 2023
Southern, Northegrigitem and Western | 5001 5012 | 128.7 covered by forest Estel etal, 2015
Mountainous areas of 1900-2002 | 0.0054 covered by forest Pueyo, Begueria, 2007
Southern Europe the Pyrenees
Italy 1962-2019 0.00753 Barsukova etal, 2021
Spain 196-2019 0.00703 Barsukova et al., 2021
Denmark, Estonia,
Finland, Latvia, for 2016 1.8-2.6 Rytter etal, 2016
Northern Europe Lithuania, Sweden
. Liepins et al., 2008;
Latvia 1990-1999 | 0.3-1.05 covered by forest Prishchepov et al,, 2021
Western Europe France 1962-2019 5.78 Barsukova et al., 2023
Poland, Slovakia,
Carpathians Hungary, Ukraine and for 2017 0.107 covered by forest Kolecka et al., 2017
Romania
Kurganova et al., 2014; Uzun,
Russia for 2022 33-100 covered by forest 2016; Greenpeace .., 2018,
Bartalev, 2023
Eastern Europe UKkraine for 2008 0.66 Baumann etal, 2011
Belarus 1990-1999 | 0.3375 covered by forest Prishchepov etal,, 2021
Slovakia 1990-1999 0.119 covered by forest Kuemmerle et al,, 2008
Poland 1990-1999 0.35 Prishchepov et al,, 2021
Kazakhstan for 2022 12.9 covered by forest Kurganova etal,, 2014
Central Asia Mountainous region for 2021 0.0103, of which 0.0028 Subedi et al, 2021
of Nepal are covered by forest
China 2000-2005 143 covered by forest Liu etal.,, 2010
East Asia China 2000-2017 8.47 Zhuetal, 2021
Japan 2005-2015 3.6-4.6 Suetal, 2018
North America USA 1850-2016 65 Yu etal, 2018
Puerto Rico for 2004 0.143 Lugo, Helmer, 2004
Central America Mountainous areas of for 2000 0.01344 covered by forest Helmer et al., 2000
southern Costa Rica

Environmental and landscape factors

are closely related. These include
unfavourable climatic conditions, negative
land forms, low soil fertility, and a large
number of erosion-prone areas (slopes,
hills). The reason for ecosystem dete-

rioration may be non-rational soil mana-
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gement and treatment systems, which lead
to its degradation. Environmental and
landscape factors are more fundamental in
the abandonment of agricultural lands. In
areas with an unfavourable climate and poor
soils, urbanized territories are fewer and

transport development is lower. Due to no
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infrastructure in such areas, there is an
outflow of population, so farming becomes
almost impossible, farmers do not cultivate
such areas, and as a result, woody plant
growth starts (Keenleyside et al., 2010;
Pefia-Angulo et al., 2019).

Social and economic factors are also
closely linked. Socio-economic factors
include low transport accessibility, distance
from large market centres, outflow of rural
population to cities, average size of
cultivated areas, low economic importance
of agribusiness, as well as lack of younger
generation capable of supporting this
industry, population decline, low life
expectancy, etc. (Mottet, 2005). In socially
marginal areas with a poorly developed
economic component and a less demog-
raphically active population, the probability
of abandonment of agricultural lands is
higher than in areas with favourable socio-
economic conditions. For instance, A. V.
Prishchepov et al. (2021) as part of their
study conducted a survey of agricultural
producers from the Republic of Buryatia and
found a rising interest in using abandoned
lands among agricultural producers living in
areas with a relatively high population
density.

Economic factors include the govern-
ment's pricing policy, which can lead to
changes in the cost of raw materials,

equipment, purchase prices for agricultural
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products, etc. Using the example of Perm
Oblast (Zheljazkov et al., 2017), the authors
show that the high cadastral and market
value of abandoned agricultural land plots,
combined with the population having no
funds, can constitute important reasons for
abandoning such lands. The authors propose
that systems be introduced for calculating
the economic efficiency and expediency of
involving non-utilized agricultural lands. If it
is impractical to use these territories in
agriculture, a rational intersectoral redistri-
bution of these lands is required to support
their use with the help of state programs, for
example, the Digital Economy Program of
the Government of the Russian Federation
(Zheljazkov et al., 2017).

The examples of historical factors
include the dissolution of the USSR and the
Second World War. These events had a
significant impact on the economic and
social stability of the Eastern Europe and
Russia, thereby acting as determinants of the
increased area of abandoned agricultural
lands (Prishchepov et al., 2013). The first
section of this article describes how the
USSR dissolution caused an increase in the
area of abandoned agricultural lands.

Scientific and technological progress
(intensive farming model) also contributes
to the termination of agricultural activities.
Due to increased labour productivity and

crop yields, farmers use less area to grow
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agricultural products. The remaining non-
utilized areas are abandoned and grown
over with woody and shrubby plants (Heider
et al., 2021). Using the example of 190
countries from 1961 to 2003, D. I. Ljuri et al.
(2010) showed that intensification can
become one of the fundamental factors in
reducing the area of agricultural land. After
reaching a certain critical level of yield,
agricultural land is reduced. According to the
author, this phenomenon is due to the fact
that expanding  agricultural areas
simultaneously with increasing their
productivity is an expensive undertaking.
With intensification, farmers tend to use the
most productive lands to obtain greater
efficiency from the intensification costs and,
as a result, abandon less profitable lands.
Also, intensification is usually associated
with land degradation and its subsequent
abandonment due to the environmental
unsuitability thereof for agriculture (Ljuri et
al., 2010). In addition, the study notes that
attention should be paid not to the
abandonment, but to the reduction in the
rate of increase in the area under crops, since
abandonment of plots in one region may be
offset by an increase in agricultural areas in
another. For instance, in the period from
1961 to 1965, the rate of increase in the area
under crops was 10 times higher than in the
period from 1995 to 2003. One example of
this is the analysis of FAO data from 1970 to
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2005 showing that the most common model
of agricultural intensification was a
simultaneous increase in the yield of
agricultural crops and cultivated areas
(Rudel et al., 2009).

It is apparent that a country's state
policy directly affects its land utilization. In
addition to the above-mentioned programs
to combat desertification and land
degradation in China, there are programs to
support afforestation on marginal soils in
African countries, such as the Great Green
Wall (Good news for Africa's.., 2021); in
European Union countries, such as the
RURIS-AAL program in Portugal (Tomaz et
al, 2013) and in other European countries,
the Common Agricultural Policy Program in
[taly (A greener and fairer cap, 2022); in
Central America and in other countries, such
as the Payments for Environmental Services
Program in Costa Rica (Pagiola, 2008). An
example of a major international project on
utilization of marginal agricultural areas is
the Bonn Challenge program (About The
Challenge, 2017). The Bonn Challenge is a
global effort to restore 350 million hectares
of deforested and degraded land by 2030.
Payment for ecosystem services programs
are also in place in the Mediterranean. On the
island of Sicily, with the abandonment of
agriculture in favour of forest cultivation in
marginal areas and agricultural reclamation,

the organic carbon content in the 30-
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centimeter soil layer increased by an
average of 9.03 mg C hal. Considering that
the area of abandoned land is 14,300
hectares, CO2 emissions as a whole dec-
reased by 15.3 mg of CO2 ha1 year-1. Over 20
years, farmers participating in these prog-
rams have received compensation payments
from 9,100 euro at an absorption level of 5.2
mg C ha to 46,600 euro at an absorption
level of 26.7 mg C ha-1 (Novara et al., 2017).

Restitution processes, no market
incentives, and changes in agricultural policy
also contribute to the increase in the number
of abandoned agricultural lands. A good
example is the Eastern Europe, where, after
the USSR collapse and transition to a market
economy, significant changes took place in
the political, socio-economic and
demographic spheres, while state support
and markets for agriculture disappeared,
which led to the mass transfer of property
rights. In fact, many landowners obtained
their property by returning ownership
rights to former owners or their successors
during the land reform of the 1990s. They do
not live on their property, but work in other
sectors of the national economy and have
neither the skills nor the knowledge or
desire to work in the agricultural sector. This
led to a large number of agricultural lands
being abandoned. Most of these areas is
currently covered with woody plants

(Baumann et al., 2011; Prishchepov et al,,
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2013). One of the studies (Tomaz et al,
2013) highlights the leading role of political
relationships and the availability of sales
markets as the main factors in the reduction
of agricultural land. As an example, the
authors cite Cuba, where the sugar cane
cultivation area decreased by 23% due to the
loss of the sales market as a result of the
Soviet Union collapse. The papers by A. P.
Prishchepov (Prishchepov et al.,, 2012) show
a close relationship between the extent of
abandoned agricultural lands and the ability
of states to adapt to institutional changes.
The largest areas are typical of countries
where the adaptation mechanism for
handling abandoned agricultural lands has
been shelved (the Baltic States and Russia)
(Prishchepov et al., 2012).
Obviously, all the reasons are
interrelated and must be analysed together.
In this case, the "syndrome approach”
developed by the Potsdam Institute for
Climate Impact Research (Downing et al.,
2002) can be used for a comprehensive
analysis of the causes and consequences of
abandonment of agricultural lands. It defines
woody plant growth as a syndrome or a sign
of certain social, economic, political or other
environmental impacts. At the same time,
the biophysical characteristics of the
environment are a matrix that determines
the extent of the syndrome. The area of land

abandonment in this case is a measure of the
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syndrome  manifestation. Using this
approach, C. Weissteiner (Weissteiner et al,,
2011) used meta-analysis to create a map
showing the impact of socio-political
processes on land utilization change in the
period from 1990 to 2005 in the countries of
the Mediterranean basin, taking into account
the natural characteristics of each area. The
authors used the integral indicator RLA
(rural land abandonment), which varies
from 0 to 1, 0 being the minimum
abandonment of agricultural land and 1
being the maximum abandonment (fig. 7).
The authors conclude that the abandonment

of agricultural lands is a problem prevalent

mainly in European countries, including
Turkey. There is no apparent abandonment
in the countries of North Africa and the
Middle East. The countries of the Southern
and Eastern Mediterranean show a trend
towards abandonment, but at the time of the
study, agricultural utilization prevails in
these territories. In the countries of the
Northern  Mediterranean and  some
countries of the Middle East, land utilization
changes are mainly determined by physical
and environmental conditions, while for the
rest of the countries both physical and
individual  socio-

environmental and

economic conditions play a role.

No data 0.00

0,01-025025-050 050-0.750.75-1.00

Figure 7. RLA assessment for the Mediterranean basin countries (Weissteiner et al., 2011)

Possible Utilizations of Abandoned
Agricultural Lands
As compared to cultivated lands, aban-

doned agricultural lands are often low in
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fertility and require huge investments to
clear them, especially ones in the non-
chernozem zone of Russia; therefore, it is
lands into

impractical to return such
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agriculture (Pravitel'stvo zapretilo..., 2022).
The use of forests on abandoned agricultural
lands can become a significant and low-cost
strategy for carbon sequestration and
mitigation of anthropogenic CO2 emissions
(Post, Kwon, 2000; Novara et al. 2017;
Rezoliutsiia..., 2021). The  scientific
community recognizes the significant role of
the development of climate-smart forestry
projects on abandoned agricultural lands
(Rezoliutsiia..., 2021). This is also consistent
with the objectives of the European Union's
Forest Strategy for 2030

2021) and

(European
Commission..., Russia's
commitments to reduce greenhouse gas
emissions to 70% compared to the 1990
level (Paris Agreement, 2015).

Forests grown on abandoned
agricultural lands absorb CO:2 from the
atmosphere, accumulating carbon in plant
biomass and soil. As of 2010, 43% of all
agricultural lands in the world had at least
10% of trees, the carbon content in the
terrestrial phytomass of trees on
agricultural lands is 47 billion tons, not
including the carbon content of soils (Zomer
et al,, 2016); the same in Russia is 1.9 billion
tons (Bartalev, 2023). The involvement of
abandoned agricultural lands in climate-
smart forestry activities in Russia will allow
for an additional volume of greenhouse gas
absorption of about 400 million tons of CO2

yearl (Rezoliutsiia.., 2021). Assessing the
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efficiency of using different types of tree
species on abandoned agricultural lands in
Sweden for the implementation of climatic
scenarios showed that larch has the greatest
climatic benefit (1.63 g CO2z eq. ha-1). Larch is
followed by Norwegian spruce, poplar,
hybrid aspen and birch in terms of carbon
dioxide which

absorption efficiency,

demonstrate climatic advantages
approximately 40-50% lower than that of
larch. The climatic benefits were estimated
based on the average annual increase using
correction factors for carbon deposition in
biomass, subsequent use of wood products
and the turnover rate of growing stands
(Lutter et al.,, 2021). A number of studies for
the south-eastern region of Ontario, Abitibi
and eastern Quebec compare the potential of
using abandoned agricultural lands to adapt
to climate change by assessing carbon
reserves in soil and vegetation pools during
natural succession and creation of forest
crops (Foote, Grogan, 2010; Tremblay,
Ouimet, 2013; Thibault et al., 2022). Thus,
the following soil chronosequences were
placed on the agricultural lands of Quebec
with woody plants growth: 54 plantations
(aged from O to 55 years) and 27 natural
succession plots (aged from 0 to 45 years).
Over 50 years, plantations deposited 31%
more carbon than natural succession plots

on average. The estimated rate of carbon

accumulation by plantations is 1.7+0.7 mg C
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hal year! higher than that in natural
succession areas (Tremblay, Ouimet, 2013).

Forest communities both of natural or
artificial origin formed on abandoned
agricultural lands have a high level of
productivity (Melekhov et al, 2011).
According to experts, the annual growth in
such territories in Russia is about 50 million
m3 per year-! (Rezoliutsiia..., 2021). From the
point of view of achieving climatic goals, the
resulting wood biomass can be used for the
production of long-lived materials and wood
products or for bioenergy purposes.

The period of carbon conservation in
timber is determined by the semi-
decomposition period, i.e., the length of time
within which half of the carbon contained in
timber is returned to the atmosphere. The
semi-decomposition period of cellulose and
paper products is 1-2 years, while that of
construction wood can be from decades to
several hundred years (Zeng, Hausmann,
2022). Thus, the use of wood can represent a
neutral carbon transfer to the products and
contribute to the reduction of carbon
emissions by providing a significant delay in
emissions (Hartl et al., 2017). The study on
the forest sector in Thuringia (eastern
Germany) showed that long-lived hardwood
products include furniture, parquet board,
wood-based panels — for example,

fibreboard and particle board — and

coniferous construction wood. Herewith,
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about 53% of the total volume of wood
harvested in the state forests of Thuringia is
processed into wood products with an
average service life of more than 25 years
(Profft et al,, 2009).

Wood grown on abandoned
agricultural lands can be used to replace
materials that use fossil fuels, such as
plastics, steel and concrete (Kauppi et al,
2018). Studies in Sweden have shown that
replacing a concrete frame in the
construction of houses with long-lived
building materials made of wood gives a
greater climatic effect than when replacing
fossil fuels with biofuels made of wood chips.
Thus, the use of 1 ton of wood in a closed
cycle of timber use with restoration of forest
resources prevents the emission of 1.04 tons
per day, which is an effective measure for
carbon conservation and adaptation to
change (Olsson, 2013). The Russian
Federation can tap into the huge resource
potential for the development of its own
closed-cycle forest bioeconomy and
cascading use of biomass, including wooden
house construction, production of wood-
based textiles, bioplastics, lignin, in addition
to bioenergy (Forests of Russia..., 2020).

The use of forests on abandoned
agricultural lands for bioenergy purposes
can make a significant contribution to
mitigating the climate change effects. One of

the main ways to obtain biofuels may be
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using short rotation coppices (Aylott et al,
2008). There are up to 470 million hectares
of abandoned or degraded agricultural lands
worldwide that can be available for growing
energy crops, based on dry biomass from 1.6
to 2.1 billion tons per yearl, which is
equivalent to 32 to 41 EJ of energy. This
potential can provide up to 8% of global
primary energy demand (Campbell et al.,
2008).

In many countries of the world,
abandoned agricultural lands are already
being used to create energy plantations. For
example, in Estonia, on abandoned
agricultural lands, the energy productivity of
8-year-old birch plantations ranges from 70
to 80 GJ ha'l yearl, the energy potential of
similar alder plantations averages at 145 G]
ha'lyear!(Urietal.,, 2007). In Belgium, short
rotation coppices of birch, maple, poplar and
willow had, in the fourth year of cultivation,
a biomass increase of 2.6; 1.2; 3.5 and 3.4
tons of dry matter hal yearl, respectively
(Walle et al., 2007). In Italy and Albania, the
average yield of dry biomass from short
rotation coppices of Robinia pseudoacacia
on abandoned agricultural lands was 1.96 t
hal year! (Kellezi et al, 2012). In the
southern, central and northern agroclimatic
zones of the Republic of Belarus, the average
yield of willow plantations is 9.2 tons
hectare-1 year-1, with biofuels obtained in the

third to fourth year after planting (Rodkin et
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al,, 2016; Rodkin, Timoti, 2017). For willow
plantations in Ireland, the yield varies from
10 to 14.5 t ha'l year! depending on the
climate, soil type, clone, growing conditions,
etc. (Styles, 2007, 2008).

The study of A. R. Rodin and S. A. Rodin
(2008) provides recommendations for the
selection of breeds in the forest-growing
zones of Russia for energy plantations. The
authors recommend a thirty-year felling
rotation for soft-wooded broadleaved
species, since, for example, birch crops in
Voronezh Oblast have the highest
productivity in the first two to three decades,
after which growth decreases sharply. The
authors also show that creating energy
plantations using soft-wooded broadleaved
species makes it possible to conserve about
2 tons C ha?l yearl Such data can be
effectively used to assess the bioenergetic
potential of abandoned agricultural lands
(Rodin, Rodin, 2008).

The organization of energy plantations
is of great importance. If mismanaged, the
cultivation of energy crops can increase
greenhouse gas emissions, adversely affect
the environment and threaten biodiversity
(Beringer et al.,, 2011; Langeveld et al., 2012;
Pedroli et al, 2013). Such measures as
continuous logging, harvesting of felling
residues, low species diversity, and damage

to the ground cover have a negative impact

on the soil carbon accumulation. On the
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contrary, selective logging and low-intensity
logging, abandonment of felling residues,
and creating mixed forest plantations are
promising forestry measures to conserve
soil carbon (Tebenkova et al., 2022).

A significant part of the CO2 absorbed
by plants eventually accumulates in the soil,
where it can be stored for a long time
(Kuznecova, 2021). On average, the soil
contains from 30% to 60% of the carbon
reserves of forest communities (Nair et al,,
2009; Framstad et al, 2013); the total
carbon content in the 1-meter soil layer in
the world is estimated at 1,500 Gt (Nair et al,,
2009). Therefore, when developing climate-
smart forestry projects on abandoned
agricultural lands, carbon accumulation by
soils may be of key importance. There are
great differences in the rates of carbon
intake and accumulation in soils, which are
related to the productivity of regenerating
vegetation, physical and biological soil
conditions, as well as the past history of land
utilization (Post, Kwon, 2000; Telesnina et
al,, 2017; Kuznecova, 2021). According to the
meta-analysis (Post, Kwon, 2000), the rate of
change in soil organic carbon during the
woody plants formation on abandoned
agricultural lands varies from small losses in
the early stages of succession with a
predominance of pine in the cool temperate
zone to an increase of 300 g per m? year-1 in

subtropical countries. The average rate of
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organic carbon input into the soil for forest
communities on abandoned agricultural
lands is 33.8 g/m? year-1 (Post, Kwon,
2000). Currently, the transformation and
conservation of carbon in soils on
abandoned agricultural lands of Russia are
understudied. The existing studies mainly
take into account only the arable horizon of
soils (Vladychenskijj et al., 2013; Telesnina
etal., 2017; Kurganova et al., 2018).

Experts are divided on the matter of
achieving the greatest climatic effect from
forest communities on abandoned lands to
mitigate the effects of climate change. Some
believe that the accumulation of carbon in
forest biomass and soils is most efficient in
the natural postagrogenic development of
the ecosystem (Holtsmark, 2012). For
example, the study by S. Lewis (Lewis et al.,
2019) compares the formation of natural
forests, creation of forest plantations and
agricultural reclamation to assess the
climatic benefits of the state Bonn Challenge
program. If forests are formed naturally
(natural reforestation), by 2100 they will
store an additional 42 billion tons of C; if
energy plantations are created, 1 billion
tons; if agricultural reclamation is provided,
7 billion tons. Thus, it is shown that natural
forests are 6 times more efficient at storing
carbon than agricultural reclamation and 42
times better than plantations. The authors

agree that plantations play a significant role
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in bioeconomics, and carbon reserves in
plantations can be increased through more
frequent harvesting of biomass, the use of
diverse species or processing of wood into
products with a longer service life (Lewis et
al,, 2019). On the other hand, the absence of
forest management and no control over
forests can contribute to more fires, foci of
insects and fungal diseases. In conditions of
increased demand for wood, reducing its
production by climatically rational methods
will contribute to an increase in imports
from other regions where harvesting is done
illegally or with environmental negligence.
Therefore, the rejection of forestry measures
may reduce carbon stocks in the forest stand
and soils (Kauppi et al.,, 2018; Seidl et al,,
2017) or breach the principle of no leakage
(The Greenhouse Gas Protocol..., 2006).

The implementation of climate-smart
forestry projects on abandoned agricultural
lands, in addition to yielding climatic
benefits, can contribute to the provision of
other ecosystem services, for example, water
regime control, soil ecological functions, and
conservation of biodiversity. The multiplier
effect of such areas can also be associated
with economic benefits by providing
additional jobs in rural areas, ensuring food
security by obtaining additional forest
resources, such as wood and non-wood
forest products, without harming the

environment (Rezoliutsiia.., 2021). In his
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work, A. N. Krivoshein (2016), proposes that
an assessment be made of the environmental
impact on forest systems when organizing
energy plantations, taking into account the
numerous ecosystem services that may be
threatened. The author suggests that the
sites be evaluated from the point of view of
providing (commercial wood, wood
biomass, non-wood and food resources,
oxygen), regulating (cycles of nutrients,
climate, water regime), supporting (soil
formation, biodiversity maintenance) and
recreational ecosystem services (Krivoshein,
2016).

Introducing sustainable and resource-
saving methods for wood processing and
consumption, while promoting carbon
uptake by forests and improving forest
growth, is the basis of the climate smart
forestry concept (CSF) (Kauppi et al., 2018;
Nabuurs et al, 2018). However, when
implementing the CSF concept, specific
and methods

measures may differ

significantly = depending on  national
characteristics of forestry management and
landscape and climatic factors. For example,
the study of Czech forests showed that the
optimal measure for long-term planning is to
replace unstable spruce stands susceptible
to loss under the influence of insects with
stands of broad-leaved species (Nabuurs et
al., 2018). In Spain, the key to increasing the

uptake of COz2 in forests is selective logging
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aimed at accelerating the growth of
plantations and increasing their resistance
to fires (Nabuurs et al., 2018). The authors
emphasize the need for careful selective
logging while keeping significant areas of
high forest in order to maintain biodiversity.
For the forests of Ireland, it is proposed to
introduce additional efforts leading to
investments in forestry as a way to mitigate
COz2 emissions (Nabuurs et al, 2018).
Specific measures proposed by the authors
include forming forest plantations consisting
of 70% coniferous and 30% broad-leaved
species, planting forests on soils with an
underdeveloped organic horizon, and
increasing the production of roundwood as a
way of long-term carbon conservation.
Under such scenarios, CO2z uptake will
increase in Spain by 0.6 million tons CO2
year-,in Ireland by 1.4 million tons CO2z year-
1 within 50 years of modelling, and in the
Czech Republic the amount of CO2 emissions
will increase by 1.3 million tons CO2z year-l,
but in the long term, plantations will absorb
more as compared to the baseline scenario.
One of the CSF options that appears to
be the most promising when involving
abandoned agricultural lands in climate-
smart forestry projects is agroforestry
(Rezoliutsiia..., 2021). Agroforestry is a
system and methods of land utilization in
which specially cultivated tree plantations

are intentionally combined with agricultural
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crops and/or animals within the same
agricultural landscape (Sanchez, 1995).
From another point of view, agroforestry can
be considered as stages in the development
of an agroecosystem similar to the normal
dynamics of natural ecosystems, i.e., an
environmentally sound natural resource
management system that diversifies and
supports small-scale farming to increase
social, economic and environmental benefits
(Leakey, 1996). There are global practices
for organizing agroforestry systems in
marginal areas and on abandoned
agricultural lands. Examples of such systems
are socio-ecological industrial landscapes
and seascapes, such as the manuel
landscapes in Korea, dehesa landscapes in
Spain, terroirs in France, satoyama
landscapes in Japan, and infield/outland
countries

landscapes in Scandinavian

(Berglund et al., 2014).

Legal Support for Utilization of
Woody Plant Growth on Abandoned
Agricultural Lands

A relevant problem of woody plant
growth on abandoned agricultural lands in
Russia is the legislative restrictions that
almost completely prevent the use of such
lands for forest cultivation, despite the fact
that the risk of large fines or land withdrawal
for the presence of woody and shrubby

vegetation on it makes the involvement of
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such territories in forestry unprofitable (Les
na sel'khozzemljakh..., 2022).

The current political situation around
the issue of abandoned agricultural lands
can be described as a "tug of war". On the one
hand, there are legislative prerequisites
allowing the conservation and cultivation of
forests on agricultural lands, as evidenced by
Federal Law No. 538 of 27 December 2018
On amendments to the Forest Code of the
Russian Federation and Certain Legislative
Acts of the Russian Federation in Terms of
Improving the Legal Regulation of Relations
Related to Ensuring the Conservation of
Forests on Forest Fund Lands and Lands of
Other Categories, which, from the point of
view of the Forest Code of the Russian
Federation, provides for the presence of
forests on agricultural lands. Also, on 10
December 2019, the President of the Russian
Federation instructed the Government to
take measures aimed at establishing the
specific features for the use, protection and
reproduction of forests located on agri-
cultural lands, which should enable all types
of forest utilization on such lands without
the need to change the form of land
ownership and the category of land (V. Putin
poruchil pravitel'stvu..., 2022).

On the other hand, on 21 September
2020, the Decree of the Government of the
Russian Federation No. 1509 About the

Peculiarities of the Use, Protection,

D. V. Gichan, D. N. Tebenkova

Protection, Reproduction of Forests Located
on Agricultural Lands was issued, regulating
the specifics of the use, protection, and
reproduction of forests, which, despite the
fact that it implies the existence of forests on
abandoned agricultural lands, is not
consistent with Articles 77 and 78 of the
Land Code of the Russian Federation. The
resolution provides for the existence of
exclusively protective and reclamation
forest plantations on agricultural lands,
thereby limiting the development of

agroforestry. To resolve the current
situation, the Scientific Council of the
Russian Academy of Sciences on Forests sent
aletter (Lesa, raspolozhennye..., 2022) to the
Government of the Russian Federation with
proposals to amend Resolution No. 1509
regarding the coordination of legislative acts
for the cultivation of forests on abandoned
agricultural lands. The Ministry of
Agriculture of Russia does not agree with the
proposals of the Scientific Council of the
Russian Academy of Sciences on Forests
because these lands should be utilized in
accordance with their intended purpose
(Lesa, raspolozhennye..., 2022).
Furthermore, on 8 June 2022, the
Decree of the Government of the Russian
Federation No. 1043 On Amendments to the
Regulation on the Specifics of the Use,
Protection, Protection, Reproduction of

Forests Located on Agricultural Lands was
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formed, which makes forest cultivation on
abandoned agricultural lands practically im-
possible. In particular, this provision intro-
duces restrictions on the suitability of aban-
doned agricultural lands for forest cultiva-
tion, sets very strict limits on what constitu-
tes a forest on abandoned agricultural lands,
and does not allow the use of such lands for
creating and exploiting forest plantations.

There are prerequisites to transferring
such lands to the category of forest lands, as
indicated by Roslesinforg's assessment of
the areas of abandoned agricultural lands
and land taxation on them (Roslesinforg:
ploshchad zarosshikh..., 2022). In addition,
amendments to Federal Law No. 101-FZ
dated 24 July 2002 on the Turnover of
Agricultural Land, which entered into force
on 05 December 2022, significantly facilitate
the process of seizing agricultural lands and
transferring them to state ownership. Now,
agricultural lands can be seized a year after
signs of abandonment are detected (Les na
sel'khozzemljakh..., 2022).

To overcome these bureaucratic bar-
riers, Greenpeace! and the Scientific Council
of the Russian Academy of Sciences on
Forests propose that appropriate changes be
made to Articles 77 and 78 of the Land Code
of the Russian Federation (Rezoliutsiia...,

2021; Lesa, raspolozhennye.., 2022), and

D. V. Gichan, D. N. Tebenkova

FOREST SCIENCE ISSUES,

that a subsection "Forestry" be added in the
classifier of types of permitted use of land
plots and the presence of typical species of
forest plants in forests and on lands used for
forestry be excluded from the list of features
defining abandoned agricultural lands
(Vladimir Putin poruchil pravitel'stvu...,
2022). M. E. Rodina (2020) in her paper
raises a number of important institutional
and regulatory questions concerning the
formation of a model of private forest
management on abandoned agricultural
lands with woody plant growth. In
particular, when introducing private
ownership of forest plots on abandoned
agricultural lands, she proposes that the
preservation of forests bordering rural
settlements, garden associations, and small
towns that are most important for
preserving a favourable environment, be
ensured, free and no-charge access be
retained for the population to the collection,
harvesting and use of non-wood products
(mush-rooms, berries, etc.), as well as their
recreational use, and subsidies be
introduced for using forests on abandoned
agricultural lands. The author also
emphasizes the need to form regulatory
legal acts that clearly define who is the
owner of wood grown for commercial

purposes on agricultural lands.
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CONCLUSION

The reduction in the area of cultivated
agricultural land is a global phenomenon
that manifests itself not only in developing
countries, but also in the countries with
advanced economies. Over the past decade,
extensive scientific research has been
published on the extent of agricultural land
abandonment at different spatial levels. The
reasons for the termination of agricultural
activities may be different: social, economic,
environmental, landscape, and historical,
but the most common one is a combination
of ecological-landscape and socio-economic
factors. Most often, abandoned lands are
low-profitable due to the depletion of the
fertile soil layer that often results in comp-
lete degradation of the landscape, and the
great distance to large settlements where
labour, production resources or points of
sale of agricultural products are localized.

The abandoned areas show woody
plants growth. This process is partially
stimulated by government programs and is
not spontaneous. The main motivation in
this case is the fight against desertification
and land degradation through forest
cultivation. However, most often a young
forest appears in an abandoned area during
the natural succession of biogeocenoses.
Returning the areas where forests have
already been practically restored to the

agricultural sector will have a notable effect

D. V. Gichan, D. N. Tebenkova

both on the environment and on the

landowner’s budget. Therefore, it is
necessary to focus on the rational use of such
areas in economic activities.

Our research has shown that the in-
volvement of overgrown abandoned agri-
cultural lands in climate-smart forestry acti-
vities is very promising. In such areas, highly
productive forest plantations can be grown,
the woody biomass of which can be used in
carbon-intensive industries such as plastics,
concrete, and textile production, and for
bioenergy purposes. The rational organi-
zation of forest plantations on abandoned
agricultural lands subject to sustainable and
resource-saving methods of processing and
consumption of wood meets the principles of
smart forestry. One of the options for this
area of development, which was recognized
as potentially effective for Russia, is
agroforestry, in which specially cultivated
tree plantations are intentionally combined
with agricultural crops and/or animals
within the same agricultural landscape.

The first step in returning abandoned
agricultural lands on which forest ecosys-
tems have been formed into active utiliza-
tion is forming a regulatory framework and
overcoming existing legislative restrictions.
Currently, there is no legislative framework
permitting commercial forest growing on ag-

ricultural lands, with the exception of plan-

ting shelterbelts and other protective struc-
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tures, despite the active position of organi-

zations and government structures involved.
FUNDING

This work is part of the youth labora-

tory of the Centre for Forest Ecology and

REFERENCES

A greener and fairer cap, 2022, available at:
https://kurl.ru/kxXbn (December 01,
2022).

About The Challenge, 2017, available at:
https://www.bonnchallenge.org/abou
t (February 07, 2023).

Analysis of land abandonment and deve-
lopment of agricultural land markets in
the Republic of North Macedonia -
Conclusions and policy recommend-
dations, FAO, 2023, available at:
clck.ru/37GHd2 (December 01, 2022).

Aylott M. ], Casella E., Tubby I., Street N. R,,
Smith P., Taylor G., Yield and spatial
supply of bioenergy poplar and willow
short-rotation coppice in the UK, New
Phytologist, 2008, Vol. 178, No 2, pp.
358-370.

Barsukova G. N., Sheudzhen Z. R., Derevenec

D. K, Sokrashhenie ploshhadi

sel'skokhozjajjstvennykh  ugodijj i

pashni kak obshhemirovaja tendencija

umen'shenija chasti  resursnogo
potenciala agrarnogo proizvodstva

(Reduction of the area of agricultural

land and arable land as a global trend

D. V. Gichan, D. N. Tebenkova

Productivity in the Russian Academy of
Science "Climate-Regulating Functions and
Forest Biodiversity" (registration number

122111500023-6).

of reducing part of the resource
potential of agricultural production),
International  agricultural  journal,
2021, Vol. 64, No 6, pp. 524-544.
Bartalev S. A,

Primenenie metodov

distancionnogo  zondirovanija iz
kosmosa dlja monitoringa bjudzheta
ugleroda v nazemnykh ehkosistemakh
Rossii (Application of remote sensing
methods from space for monitoring the
carbon budget in terrestrial eco-
systems of Russia), Vserossijjskijj
festival' Nauka 0+, Moscow, 7 oktjabrja
2023.

Bartalev S. A., Vorushilov 1. 1., Egorov V. A,
Zharko V. O., Lupjan E. A, Sajjgin L. A,,
Stycenko E. A, Stycenko F. V.,
Khvostikov S. A. Ocenka vklada
drevesno-kustarnikovojj rastitel'nosti

zemel' v

zabroshennykh  s.-kh.

bjudzhet ugleroda lesov  Rossii
(Assessment of the contribution of
woody and shrubby vegetation of
abandoned agricultural lands to the
carbon budget of Russian forests),
Nauchnye debaty “Lesnye Kklima-

ticheskie proekty v Rossii”, Nauchnyjj

28



REVIEW

sovet RAN po lesu, 19 oktjabrja 2021,
available at: https://rbf-ras.ru/wp-
content/uploads/2021/12/AD_20211
019_Bartalev.pdf
2022).

(September 01,

Baumann M., Kuemmerle T., Elbakidze M.,
Ozdogan M., Radeloff V. C., Keuler N. S.,
Hostert P., Patterns and drivers of post-
socialist farmland abandonment in
Western Ukraine, Land use policy,
2011, Vol. 28, No 3, pp. 552-562.

Belousova A. P., Bryzhko I. V., Analiz zaras-
tanija sel'skokhozjajjstvennykh ugodijj
na territorii Permskogo kraja po sput-
nikovym snimkam Landsat (Analysis of
overgrowth of agricultural lands in the
Perm Territory using Landsat satellite
images), InterKarto. InterGIS. Geoinfor-
macionnoe obespe-chenie ustojjchivogo
razvitija territorijj: Mat. mezhd. Konf,
2021, Vol. 27, No 4, p. 150.

Berglund B. E. Kitagawa ]., Lagerads P,
Nakamura K. Sasaki N. Yasuda Y,
Traditional farming landscapes for
sustainable living in Scandinavia and
Japan: Global revival through the
Satoyama Initiative, Ambio, 2014, Vol.
43, pp. 559-578.

Beringer T. I. M., Lucht W., Schaphoff S,
Bioenergy production potential of
global biomass plantations under

environmental and agricultural

D. V. Gichan, D. N. Tebenkova

FOREST SCIENCE ISSUES, 2024, VOL. 7, No 2. ARTICLE 148

constraints, GCB Bioenergy, 2011, Vol.
3, No 4, pp- 299-312.

Brown S., Lugo A. E. Tropical secondary
forests, Journal of tropical ecology,
1990, Vol. 6, No 1, pp. 1-32.

Campbell ]. E., Lobell D. B., Genova R. C,, Field
C. B., The global potential of bioenergy
on abandoned agriculture lands,
Environmental science & technology,
2008, Vol. 42, No 15, pp- 5791-5794.

Cao S., Chen L., Yu X, Impact of China's Grain
for Green Project on the landscape of
vulnerable arid and semi-arid agricul-
tural regions: A case study in northern
Shaanxi Province, Journal of Applied
Ecology, 2009, Vol. 46, No 3, pp- 536-
543.

Castillo C. P., Kavalov B., Diogo V., Jacobs-
Crisioni C., e Silva F. B., Lavalle C,
Agricultural land abandonment in the
EU within 2015-2030.
Reports: JRC113718, joint Research
Centre, 2018, pp. 1-7.

Cramer V. A, Hobbs R.]., Old fields: dynamics

Research

and restoration of abandoned far-
mland. Washington, DC: Island Press,
2007, Vol. 101, p. 334

Doklad o sostojanii i ispol'zovanii zemel'
sel'skokhozjajjstvennogo naznachenija
Rossijjskojj Federacii v 2019 godu
(Report on the state and use of

agricultural lands of the Russian

29



REVIEW

Federation in 2019), 2021, available at:
https://kurl.ru/sRcfs (April 01, 2023).
Downing T. E., Liideke M., Social geographies
of vulnerability and adaptation [in:]
Global Desertification: Do Humans
cause Deserts? ]. F. Reynolds, D. M.
Stafford Smith (Eds.), Berlin: Dahlem
University Press, 2002, pp. 232-252.

Estel S., Kuemmerle T., Alcantara C., Levers
C., Prishchepov A, Hostert P., Mapping
farmland abandonment and recul-
tivation across Europe using MODIS
NDVI time series, Remote Sensing of
Environment, 2015, Vol. 163, pp. 312-
325.

Etter A, McAlpine C., Pullar D., Possingham
H., Modeling the age of tropical moist
forest fragments in heavily-cleared
lowland landscapes of Colombia, Forest
Ecology and Management, 2005, Vol.
208, No 1-3, pp- 249-260.

European Commission, The 3 Billion Tree
Planting Pledge for 2030, 2021,

https://kurl.ru/ofRGn

(September 01, 2023).

available at:

Federalnyi zakon «O vnesenii izmenenii v
Lesnoi kodeks Rossiiskoi Federatsii i
otdelnye zakonodatelnye akty Ros-
siiskoi Federatsii v chasti sover-
shenstvovaniia pravovogo reguliro-
vaniia otnoshenii, sviazannykh s

obespecheniem sokhraneniia lesov na

zemliakh lesnogo fonda i zemliakh

D. V. Gichan, D. N. Tebenkova

inykh kategorii» (On amendments to
the Forest Code of the Russian
Federation and certain legislative acts
of the Russian Federation in terms of
improving the legal regulation of
relations related to ensuring the
conservation of forests on forest fund
lands and lands of other categories),
27.12.2018 N 538-FZ, available at:
https://www.consultant.ru/document
/cons_doc_LAW_314666 (September
01, 2023).
Federalnyi zakon «Ob oborote zemel
selskokhozyaystvennogo
naznacheniya» (On the turnover of
agricultural land) 24.07.2002 N 101-
FZ, available at: https://www.
consultant.ru/document/cons_doc_LA
W_37816/ (September 01, 2023).
Flinn K. M. Vellend M. Marks P. L,
Environmental causes and con-
sequences of forest clearance and
agricultural abandonment in central
New York, USA, Journal of Biogeog-
raphy, 2005, Vol. 32, No 3, pp-439-452.
Foote R. L., Grogan P. Soil carbon
accumulation during temperate forest
succession on abandoned low

productivity agricultural lands,
Ecosystems, 2010, Vol. 13, pp. 795-812.
Framstad E. de Wit H., Makipaa R,
Larjavaara M., Vesterdal L., Karltun E.,
carbon

Biodiversity, storage and

30



REVIEW

dynamics of old northern forest,
Copenhagen: Nordic Council of

Ministers, 2013, p. 130.

Goga T., Feranec ]., Bucha T., Rusndk M.,

Sackov I, Barka I., Vladovic |., A review
of the application of remote sensing
data for abandoned agricultural land
identification with focus on Central
and Eastern Europe, Remote sensing,

2019, Vol. 11, No 23, pp- 2759.

Good news for Africa’s Great Green Wall,

2021, available at: https://www.
unep.org/  news-and-stories/story/

good-news-africas-great-green-wall

(September 01, 2023).

Greenpeace! i WWF2 prizyvayut pridat'

lesam na zabroshennyh sel'hoz-
zemlyah yasnyj pravovoj status
(Greenpeas! and WWF?2 call for clear
legal status for forests on abandoned
farmland), 2018, available at:
clck.ru/37GJAb (February 07, 2022).

Gvein M. H., Hu X,, Naess |. S., Watanabe M. D,

Cavalett O., Malbranque M., Cherubini
F.,, Potential of land-based climate
change mitigation strategies on
abandoned cropland, Communications
Earth & Environment, 2023, Vol. 4, No
1, Article 39.

FOREST SCIENCE ISSUES, 2024, VOL. 7, No 2. ARTICLE 148

Haddaway N. R, Styles D., Pullin A. S,

Environmental impacts of farm land
abandonment in high altitude/
mountain regions: a systematic map of
the evidence, Environmental Evidence,

2013, Vol. 2, pp. 1-7.

Hartl F. H., Hollerl S., Knoke T., A new way of

carbon accounting emphasises the
crucial role of sustainable timber use
for successful carbon mitigation stra-
tegies, Mitigation and Adaptation
Strategies for Global Change, 2017, Vol.
22,pp. 1163-1192.

Heider K., Rodriguez Lopez J. M., Balbo A. L.,

Scheffran ]., The state of agricultural
landscapes in the Mediterranean:
Smallholder agriculture and land aban-
donment in terraced landscapes of the
Ricote Valley, southeast Spain, Re-
gional Environmental Change, 2021,

Vol. 21, pp. 1-12.

Helmer E. H., Brown S., Cohen W. B., Mapping

montane tropical forest successional
stage and land use with multi-date
Landsat imagery, International journal
of remote sensing, 2000, Vol. 21, No 11,
pp. 2163-2183.

Holtsmark B., Harvesting in boreal forests

and the biofuel carbon debt, Climatic

change, 2012, Vol. 112, pp. 415-428.

D. V. Gichan, D. N. Tebenkova

ZSince March 10, 2023, the organization has been declared a foreign agent by the Ministry of Justice of the Russian Federation.

31



REVIEW

[urgens I. Iu, Turbina K. E. Klimaticheskii
sammit v Glazgo: obnovlenie mirous-
troistva i zadachi Rossii (The Climate
Summit in Glasgow: updating the
world order and Russia's tasks), Vlast,
2022, Vol. 30, No 2, pp. 9-30.

Janus ]., Bozek P., Land abandonment in
Poland after the collapse of socialism:
Over a quarter of a century of
increasing tree cover on agricultural
land, Ecological Engineering, 2019, Vol.
138, pp. 106-117.

Kammesheidt L., Perspectives on secondary
forest management in tropical humid
lowland America, AMBIO: A Journal of
the Human Environment, 2002, Vol. 31,
No 3, pp. 243-250.

Karta neispol'zuemykh sel'khoz zemel' (Map
of unused agricultural lands), 2018,
available at: https://kurl.ru/bwzKW
(September 01, 2023).

Kauppi P., Hanewinkel M., Lundmark T.,
Nabuurs G. J., Peltola H., Trasobares A.,
Hetemadki L., Climate smart forestry in
Europe. European Forest Institute,
2018, p.20.

Keenleyside C., Tucker G., McConville A,
Farmland Abandonment in the EU: an
Assessment of Trends and Prospects,
London: Institute for European Envi-
ronmental Policy, 2010, p. 98.

Kellezi M,

Stafasani M., Kortoci Y,

Evaluation of biomass supply chain

D. V. Gichan, D. N. Tebenkova

from Robiniapseudoacacia L. SRF

plantations on abandoned lands,
Journal of Life Sciences, 2012, Vol. 6, No
2, pp- 243-250.

Kolecka N., Kozak ]., Kaim D., Dobosz M,
Ostafin K., Ostapowicz K. Price B,
Understanding farmland aban-
donment in the Polish Carpathians,
Applied Geography, 2017, Vol. 88, pp.
62-72.

Krivoshein A. N., Proizvodstvo biotopliva v
Evropejjskom

Sojuze: politika,

sertifikacija, kriterii  ustojjchivosti
(Biofuel production in the European
Union: policy, certification, sustainabi-
lity criteria), pod red. N. M. Shmatkova,
WWF?Z Rossii i A. . Voropaeva, Asso-
ciacija ehkologicheski otvetstvennykh
lesopromyshlennikov Rossii, 2016, p. 39.

Kuemmerle T., Hostert P., Radeloff V. C., Van
der Linden S., Perzanowski K., Kruhlov
I, Cross-border comparison of post-
socialist farmland abandonment in the
Carpathians, Ecosystems, 2008, Vol. 11,
No 2, pp. 614-628.

Kurganova I. N., Lopes de gerenju V. O,
Mostovaja A. S. Ovsepjan L. A,
Telesnina V. M., Lichko V. 1., Baeva Ju. I,
Vlijjanie  processov  estestvennogo

lesovosstanovlenija na mikrobiolo-

gicheskuju aktivnost' postagro-
gennykh pochv Evropejjskojj chasti

Rossii  (The of natural

32

influence



REVIEW

reforestation  processes on the
microbiological activity of postag-
rogenic soils of the European part of
Russia), Lesovedenie, 2018, No 1, pp. 3-
23.

Kurganova I., De Gerenyu V. L., Kuzyakov Y.,
Large-scale carbon sequestration in
post-agrogenic ecosystems in Russia
and Kazakhstan, Catena, 2015, Vol.
133, pp- 461-466.

Kurganova 1., Lopes de Gerenyu V., Six ].,
Kuzyakov Y., Carbon cost of collective
farming collapse in Russia, Global
Change Biology, 2014, Vol. 20, No 3, pp.
938-947.

Kuznecova A. I, Vlijanie rastitel'nosti na
zapasy pochvennogo ugleroda v lesakh
(obzor) (The effect of vegetation on
soil carbon stocks in forests (review)),
Voprosy lesnojj nauki, 2021, Vol. 4, No
4, pp- 41-95.

Lana-Renault N., Nadal-Romero E.,
Cammeraat E., Llorente ]. A., Critical
environmental issues confirm the
relevance of abandoned agricultural
land, Water, 2020, Vol. 12, No 4, Article:
11109.

Land Abandonment in Lithuania, Giedre
Leimontaite, National Land Service
under the Ministry of Agriculture Grain,
Budapest, 2011,
https://kurl.ru/PqEYN (September 01,

2023).

available at:

D. V. Gichan, D. N. Tebenkova

Langeveld H., Quist-Wessel F., Dimitriou I.,
Aronsson P.,, Baum C. Schulz U,
Berndes G., Assessing environmental
impacts of short rotation coppice (SRC)

definition and

expansion: model

preliminary results, Bioenergy
Research, 2012, Vol. 5, pp. 621-635.

Lasanta T., Arnaez J., Pascual N., Ruiz-Flafio
P., Errea M. P., Lana-Renault N. Space-
time process and drivers of land
abandonment in Europe, Catena, 2017,
Vol. 149, pp. 810-823.

Leakey R. Definition of agroforestry
revisited, Agroforestry today, 1996, Vol.
8, pp. 5-7.

Les na sel'khozzemljakh: zaprety i itogi goda

lands:

(Forest on  agricultural

prohibitions and results of the year),

20.12.2022, available at:
clckru/37GHMW  (September 01,
2023).

Lesa, raspolozhennye na  zemljakh
sel'skokhozjajjstvennogo
naznachenija: pozicija Nauchnogo

soveta RAN po lesu (Forests located on
agricultural lands: the position of the
Scientific Council of the Russian
Academy of Sciences on forests),
12.09.2022, available at: http://rbf-
ras.ru/news-2022-09-12/ (September
01, 2023).

Leskinen P. Lindner M., Verkerk P. ],

Nabuurs G. J., Van Brusselen ],

33



REVIEW

Kulikova E., Hassegawa M. Lerink B,
Lesa Rossii i izmenenie klimata. Chto
nam mozhet skazat' nauka 11 (Forests
of Russia and climate change. What can
science tell us 11), Evropejjskijj institut
lesa, 2020, available at: https://doi.
org/10.36333/wsctull  (September
01, 2023).

Lesoklimaticheskie proekty (Forest-climatic

projects), 2021, available at:
clck.ru/37GH]9 (September 01, 2023).

Lewis S. L., Wheeler C. E., Mitchard E. T., Koch

A. Restoring natural forests is the best
way to remove atmospheric carbon,
Nature, 2019, Vol. 568, No 7750, pp.
25-28.

Liepins K., Lazdins A., Lazdina D., Daugaviete

M., Miezite 0. Naturally afforested
agricultural lands in Latvia-
assessment of available timber
resources and potential productivity,
Environmental engineering.  Pro-
ceedings of the 7th international

conference, 2008, pp. 194-199.

Liu J.,, Zhang Z., Xu X, Kuang W., Zhou W,

Zhang S., Jiang N., Spatial patterns and
driving forces of land use change in
China during the early 21st century,
Journal of Geographical Sciences, 2010,
Vol. 20, pp. 483-494.

Ljuri D. I, Gorjachkin S. V., Karavaeva N. A,

Denisenko E. A. Nefedova T. G,
Dinamika  sel'skokhozjajjstvennykh

D. V. Gichan, D. N. Tebenkova

zemel' Rossii v XX veke i
postagrogennoe vosstanovlenie
rastitel'nosti i pochv (Dynamics of
agricultural lands in Russia in the XX
century and postagrogenic restoration
of vegetation and soils), Moscow:

GEOS, 2010, 416 p.

Lugo A. E., Helmer E., Emerging forests on

abandoned land: Puerto Rico’s new
forests, Forest Ecology and Mana-
gement, 2004, Vol. 190, No 2, pp. 145-
161.

Lutter R., Stal G., Arnesson Ceder L., Lim H.,

Padari A., Tullus H., Lundmark T,
Climate benefit of different tree species
on former agricultural land in northern
Europe, Forests, 2021, Vol. 12, No 12,
Article: 1810.

Maslov A., Gul'be A., Gul'be Ja.,, Medvedeva

M., Sirin A. Ocenka situacii s
zarastaniem sel'skokhozjajjstvennykh
zemel' lesnojj rastitel'nost'ju na
primere Uglichskogo rajjona
Jaroslavskojj oblasti (Assessment of
the situation with overgrowth of
agricultural lands by forest vegetation
on the example of the Uglich district of
the Yaroslavl region), Ustojjchivoe

lesopol'zovanie, 2016, No 4, pp. 6-14.

Medvedev A. A,, Tel'nova N. 0., Kudikov A. V.,

Distancionnyi vysokodetal'nyl moni-
toring dinamiki zarastanija zab-

roshennykh sel'skokhozjaistvennykh

34



REVIEW

zemel' lesnol rastitel'nost'ju (Remote

high-detail monitoring of the dynamics

of overgrowth of abandoned

agricultural lands  with  forest
vegetation), Voprosy lesnojj nauki,
2019, Vol. 2, No 3, pp. 1-12.

Melekhov V. 1., Antonov A. M., Lokhov D. V,,
Lesovodstvennyjj potencial neispol'zu-
emykh sel'khozjajjstvennykh ugodijj
(Forestry potential of unused agri-
cultural land), Arctic Environmental
Research, 2011, No 3, pp. 62-66.

Mottet A., Transformations des systémes
d'élevage depuis 1950 et conséquences
pour la dynamique des paysages dans
les Pyrénées. Contribution a I'étude du
phénomene d'abandon de terres

agricoles en montagne a partir de

I'exemple de quatre communes des

Hautes-Pyrénées Diss, 2005, available

at: https://www.researchgate.net/
publication/342009670 (September
01, 2023).

Nabuurs G. ]J., Verkerk P. J., Schelhaas M,
Gonzalez-Olabarria J. R., Trasobares A.,
Cienciala E., Climate-Smart Forestry:
mitigation implact in three European
regions, European Forest Institute,
2018, Vol. 6, p. 32.

Nair P. R, Nair V. D., Kumar B. M., Haile S. G.,
Soil carbon sequestration in tropical
agroforestry systems: a feasibility

appraisal, Environmental Science &

D. V. Gichan, D. N. Tebenkova

Policy, 2009, Vol. 12, No 8, pp. 1099-
1111.

Novaja lesnaja strategija ES na 2030 god
(The new EU Forest Strategy for 2030),

16.07.2021, available at:
https://kurl.ru/UJTOm  (September
01, 2023).

Novara A. Gristina L. Sala G. Galati A,
Crescimanno M., Cerda A., La Mantia T.,
Agricultural land abandonment in
Mediterranean environment provides
ecosystem services via soil carbon
sequestration, Science of the Total
Environment, 2017, Vol. 576, pp. 420-
429.

Olsson R., Ispol'zovat' ili okhranjat'?
Boreal'nye lesaiizmenenie klimata (To
use or to protect? Boreal forests and
climate change.), Ustojjchivoe leso-
pol'zovanie, 2013, No 2, pp. 36-45.

Pagiola S. Payments for environmental
services in Costa Rica, Ecological eco-
nomics, 2008, Vol. 65, No 4, pp. 712-
724.

Parizhskoe  soglashenie = (The  Paris

Agreement), 2015, available at:
clckoru/Tvr74 (September 01, 2023).

Pedroli B. Elbersen B., Frederiksen P.,
Grandin U., Heikkilda R, Krogh P. H,
Spijker ., Is energy cropping in Europe
compatible with biodiversity? - Oppor-
tunities and threats to biodiversity

production  of

35

from land-based



REVIEW

biomass for bioenergy purposes,
Biomass and Bioenergy, 2013, Vol. 55,

pp- 73-86.

Pei H., Liu M,, Jia Y., Zhang H,, Li Y., Xiao Y,

The trend of vegetation greening and
its drivers in the Agro-pastoral ecotone
China, 2000-2020,
Ecological Indicators, 2021, Vol. 129,
Article: 108004.

of northern

Pefia-Angulo D., Khorchani M., Errea P,

Lasanta T., Martinez-Arndiz M., Nadal-
Romero E. Factors explaining the
diversity of land cover in abandoned
fields in a Mediterranean mountain

area, Catena, 2019, Vol. 181, p. 104064.

Perepechina Ju. I., Glushenkov O. L., Korsikov

R. S., Uchet i ocenka lesov, voznikshikh
na sel'skokhozjajjstvennykh zemljakh,
s ispol'zovaniem dannykh distan-
cionnogo zondirovanija zemli
(Accounting and assessment of forests
that have arisen on agricultural lands
using remote sensing data), Lesnojj

zhurnal, 2016, No 4, pp. 71-80.

Plieninger T., Gaertner M., Hui C., Huntsinger

L., Does land abandonment decrease
species richness and abundance of
plants and animals in Mediterranean
pastures, arable lands and permanent
croplands? Environmental Evidence,

2013, Vol. 2, P. 1-7.

Pointereau P., Coulon F., Girard P., Lambotte

M., Stuczynski T., Sanchez 0. V., Del Rio

D. V. Gichan, D. N. Tebenkova

Post

A., Anguiano E. Bamps C.,, Terres ],
Analysis of farmland abandonment and
the extent and location of agricultural
areas that are actually abandoned or
are in risk to be abandoned. European
Commission Joint Research Centre,
Institute for Environment and Sus-
tainability, 2008, p. 204.
W. M, Kwon K. C., Soil carbon
sequestration and land-use change:

processes and potential, Global change

biology, 2000, Vol. 6, No 3, pp. 317-327.

Postanovlenie Pravitel'stva RF 08.06.2022 N

1043 «O vnesenii izmenenijj v Polo-
zhenie ob osobennostjakh ispol'zo-
vanija, okhrany, zashhity, vosproiz-
vodstva lesov, raspolozhennykh na
zemljakh sel'skokhozjajjstvennogo
naznachenija» (On amendments to the
Regulation on the specifics of the Use,
Protection, Protection, Reproduction
of forests located on agricultural
Lands), available at: clck.ru/37GHYF

(September 01, 2023).

Postanovlenie Pravitel'stva RF 18.09.2020 N

1482 «O priznakakh neispol'zovanija

zemel'nykh uchastkov iz zemel
sel'skokhozjajjstvennogo naznachenija
po celevomu naznacheniju ili
ispol'zovanija s narusheniem zakono-
datel'stva  Rossijjskojj  Federacii»
(About signs of non-use of land plots

for their

36

from agricultural lands



REVIEW

intended purpose or use in violation of
the legislation of the Russian
Federation), available at: http://
government.ru/docs/all/129924/
(September 01, 2023).

Postanovlenie Pravitel'stva RF 21.09.2020 N

1509 (red. 08.06.2022) «Ob osoben-
nostjakh  ispol'zovanija, okhrany,
zashhity, vosproizvodstva lesov, raspo-
lozhennykh na zemljakh sel'sko-
khozjajjstvennogo naznachenija»
(About the peculiarities of the use,
protection, protection, reproduction of
forests located on agricultural lands),
available at: clck.ru/37GHVa

(01.07.2023).

Pravitel'stvo zapretilo rossijanam vy-

rashhivat' lesa na sel'khozzemljakh
(The government has banned Russians
from growing forests on agricultural
land), 2022, available at:
clck.ru/37GHa3 (September 01, 2023).

Prishchepov A. V., Ponkina E. V., Sun Zh,

Bavorova M. Ekimovskaia 0. A,
[ssledovanie povedencheskikh fak-
torov selkhozproizvoditelei po vovle-
cheniiu v oborot zabroshennykh
selskokhoziaistvennykh zemel: Primer
Respubliki Buriatiia (The study of
behavioral factors of agricultural
producers on the involvement of
abandoned agricultural lands in the

turnover: The example of the Republic

D. V. Gichan, D. N. Tebenkova

of Buryatia), Prostranstvennaia ekono-

mika, 2021, Vol. 17, No 3, pp- 59-102.

Prishchepov A. V., Radeloff V. C., Baumann

M., Kuemmerle T., Miiller D., Effects of
institutional changes on land use:
agricultural land abandonment during
the transition from state-command to
market-driven economies in post-
Soviet Eastern Europe, Environmental
Research Letters, 2012, Vol. 7, No 2, p.
024021.

Prishchepov A. V., Schierhorn F., Low F,

Unraveling the diversity of trajectories
and drivers of global agricultural land
abandonment, Land, 2021, Vol. 10, No
2, pp. 97.

Prishhepov A. V., Mjuller D., Dubinin M. Ju,,

Baumann. M. Radeloff V. K,
Determinanty prostranstvennogo ras-
predelenija zabroshennykh sel'sko-
khozjajjstvennykh zemel' v evro-
pejjskojj chasti Rossii (Determinants of
spatial distribution of abandoned
agricultural lands in the European part
of Russia),

ehkonomika, 2013, No 3, pp. 30-62.

Prostranstvennaja

Profft 1., Mund M., Weber G. E., Weller E,

Schulze E. D., Forest management and
carbon  sequestration in  wood
products, European journal of forest

research, 2009, Vol. 128, pp. 399-413.

Pueyo Y., Begueria S., Modelling the rate of

secondary succession after farmland

37



REVIEW

abandonment in a Mediterranean
mountain area, Landscape and Urban
Planning, 2007, Vol. 83, No. 4, pp. 245-
254.

Qiu S., Peng ]., Distinguishing ecological
outcomes of pathways in the Grain for
Green Program in the subtropical areas
of China, Environmental Research
Letters, 2022, Vol. 17, No 2, Article:
024021.

Ramankutty N., Foley ]. A, Estimating
historical changes in global land cover:
Croplands from 1700 to 1992, Global
biogeochemical cycles, 1999, Vol. 13, No
4, pp- 997-1027.

Rezoliutsiia po itogam nauchnykh debatov
“Lesnye Kklimaticheskie proekty v
Rossii” (Forest climate projects in
Russia), Moscow, 2021, available at:
http://rbf-ras.ru/academic-dispute/
2021-10-19, (September 01, 2023).

Rodin A. R, Rodin S. A, Sozdanie lesnykh
energeticheskikh plantatsii (Creation
of forest energy plantations), Lesnoi
vestnik, 2008, No 1, pp. 178-182.

Rodina M. E., Chastnaia sobstvennost na les
na zemliakh selskokhoziaistvennogo
naznacheniia v rossiiskoi federatsii-
tendentsii razvitila grazhdanskogo,
zemelnogo i lesnogo zakonodatelstva
(Private ownership of forests on
agricultural lands in the Russian

Federation -trends in the development

D. V. Gichan, D. N. Tebenkova

of civil, land and forest legislation),
Severo-Kavkazskii iuridicheskii vestnik,
2020, No 3, pp. 90-102.

Rodkin O. I., Shabanov A. A, Rodkin A. O.,
Otsenka effektivnosti vozdelyvaniia
energeticheskikh kultur kak istoch-
nikov biotopliva (Assessment of the
efficiency of cultivation of energy crops
as sources of biofuels), Nauchnyi
zhurnal NIU ITMO. Seriia “Ekonomika i
ekologicheskii menedzhment”, 2016, No
4, pp. 102-110.

Rodkin O. Timoti V. Bioenergeticheskie
plantatsii ivy: opyt SShA dlia Belarusi
(Bioenergy willow plantations: the US
experience for Belarus), Nauka i inno-
vatsii,2017,Vol. 11, No 177, pp. 64-68.

Roslesinforg: ploshchad zarosshikh lesom
selkhozugodii mozhet v piat raz
prevyshat statistiku (Roslesinforg: the
area of forested farmland can be five
times higher than the statistics), 2022,
available at: https://roslesinforg.ru
/news/in-the-media/6770, (Septem-
ber 01, 2023).

Rozendaal D. M., Bongers F., Aide T. M., Al-
varez-Davila E. Ascarrunz N. Bal-
vanera P., Poorter L., Biodiversity re-
covery of Neotropical secondary
forests, Science advances, 2019, Vol. 5,
No 3, Article: eaau3114.

Rudel T. K., Schneider L., Uriarte M., Turner
B. L., DeFries R., Lawrence D., Grau R,,

38



REVIEW FOREST SCIENCE ISSUES, 2024, VOL. 7, No 2. ARTICLE 148

Agricultural intensification and
changes in cultivated areas, 1970-
2005, Proceedings of the National
Academy of Sciences, 2009, Vol. 106, No
49, pp. 20675-20680.

Rytter L. Ingerslev M., Kilpeldinen A,
Torssonen P. Lazdina D. Lof M,
Madsen P., Muiste P. Stener L.-G,,
Increased forest biomass production in
the Nordic and Baltic countries, A
review on current and future
opportunities, Silva Fennica, 2009, Vol.
50, No 5, Article: 1660.

Sanchez P. A., Science in agroforestry,
Agroforestry systems, 1995, Vol. 30, pp.
5-55.

Seidl R.,, Thom D., Kautz M., Martin-Benito D.,
Peltoniemi M., Vacchiano G., Reyer C. P.,
Forest disturbances under -climate
change, Nature climate change, 2017,
Vol. 7, No. 6, pp. 395-402.

Styles D., Jones M. B., Current and future
financial competitiveness of electricity
and heat from energy crops: A case
study from Ireland, Energy Policy,
2007, Vol. 35, No 8, pp- 4355-4367.

Styles D., Thorne F., Jones M. B., Energy crops
in Ireland: an economic comparison of
willow and Miscanthus production
with conventional farming systems,
Biomass and bioenergy, 2008, Vol. 32,
No 5, pp. 407-421.

D. V. Gichan, D. N. Tebenkova

Su G., Okahashi H., Chen L., Spatial pattern of

farmland abandonment in Japan:
Identification and determinants,
Sustainability, 2018, Vol. 10, No 10,
Article: 3676.

Subedi Y. R, Kristiansen P., Cacho 0., Ojha R.

B., Agricultural land abandonment in
the hill agro-ecological region of Nepal:
Analysis of extent, drivers and impact
of change, Environmental Management,

2021, Vol. 67, pp. 1100-1118.

Tebenkova D. N., Gichan D. V., Gagarin Iu. N.,

Vliianie lesovodstvennykh meropriiatii
na pochvennyi uglerod: obzor (The
impact of forestry activities on soil
carbon: an overview), Voprosy lesnoi

nauki, 2022, Vol. 5, No 4, pp. 21-58.

Telesnina V. M., Kurganova 1. N., Lopes de

gereniu V. 0., Ovsepian L. A., Lichko V.
I, Ermolaev A. M., Mirin D. M,
Dinamika svoistv pochv i sostava
rastitelnosti v khode postagrogennogo
razvitiia v raznykh bioklimaticheskikh
zonakh (Dynamics of soil properties
and vegetation composition during
postagrogenic development in
different bioclimatic zones),
Pochvovedenie, 2017, No 12, pp. 1514-
1534.

Terres ]. M., Nisini L., Anguiano E., Assessing

the risk of farmland abandonment in

the EU. Final report. Luxembourg:

39



REVIEW

Publications Office of the European

Union, 2013, p.134.

The greenhouse gas protocol. The land use,

land-use change, and forestry guidance
for GHG project accounting, Word
Resource Institute. Washington, 2006,
pp- 97, available at: ttps://
ghgprotocol.org/standards/project-
protocol (September 01, 2023).

Thibault M., Thiffault E., Bergeron Y., Ouimet

R, Tremblay S. Afforestation of
abandoned agricultural lands for
carbon sequestration: how does it
compare with natural succession?,
Plant and Soil, 2022, Vol. 475, No 1-2,
pp. 605-621.

Tomaz C., Alegria C., Monteiro J. M., Teixeira

M. C., Land cover change and
afforestation  of marginal and
abandoned agricultural land: A 10 year
analysis in a Mediterranean region,
Forest Ecology and Management, 2013,
Vol. 308, pp. 40-49.

Tremblay S. Ouimet R. White spruce

plantations on abandoned agricultural
land: are they more effective as C sinks
than natural succession?, Forests,

2013, Vol. 4, No. 4, pp. 1141-1157.

Uri V., Vares A., Tullus H., Kanal A., Above-

ground biomass production and
nutrient accumulation in young stands
of silver birch on abandoned

agricultural land, Biomass and

D. V. Gichan, D. N. Tebenkova

Bioenergy, 2007, Vol. 31, No. 4, pp.
195-204.

Uzun V., «Belye piatna» i neispolzuemye

selkhozugodia: chto pokazala selsko-
khoziaistvennaia perepis' 2016 g
(«White spots» and unused farmland:
what the 2016 agricultural census
showed), Ekonomicheskoe razvitie

Rossii, 2017, Vol. 24, No 12, pp. 36-43.

V. Putin poruchil pravitel'stvu ispol'zovat’

zabroshennye  sel'khozzemli dlja
lesoklimaticheskikh proektov (V. Putin
instructed the government to use
abandoned agricultural lands for
forest-climatic projects), 2022,
available at: https://kurl.ru/kkyzV
(February 01, 2023).

Vladychenskijj A. S., Telesnina V. M,

Rumjanceva K. A, Chalaja T. A,
Organicheskoe veshhestvo i biolo-
gicheskaja aktivnost' postagrogennykh
pochv juzhnojj tajjgi (na primere
Kostromskojj oblasti) (Organic matter
and biological activity of postagrogenic
soils of the southern taiga (on the
example of the Kostroma region)),
Pochvovedenie, 2013, No 5, pp. 570-
570.

Waisanen P. ], Bliss N. B. Changes in

population and agricultural land in
conterminous United States counties,
1790 to 1997, Global Biogeochemical
Cycles, 2002, Vol. 16, No 4, pp. 1-19.

40



REVIEW ... FORESTSCIENCEISSUES, 2024, VOL. 7, No 2. ARTICLE 148
Walle 1. V., Van Camp N., Van de Casteele L., Zemel'nyjj kodeks Rossijjskojj Federacii
25.10.2001 N 136-FZ (red.
06.02.2023), 2023, available at:

Verheyen K., Lemeur R., Short-rotation
forestry of birch, maple, poplar and
https://www.consultant.ru/document

/cons_doc_LAW_33773/ (May 01,

willow in Flanders (Belgium) I-
Biomass production after 4 years of
tree growth, Biomass and bioenergy, 2023).
2007, Vol. 31, No 5, pp. 267-275.
Wang C., Gao Q. Wang X.,, Yu M., Decadal

Zeng N., Hausmann H., Wood Vault: remove

atmospheric CO2 with trees, store

trend in agricultural abandonment and
woodland expansion in an agro-
pastoral transition band in Northern
China, Plos One, 2015, Vol. 10, No 11, p.
e0142113.

Weissteiner C. J., Boschetti M., Bottcher K.,

Carrara P., Bordogna G., Brivio P. A,
Spatial explicit assessment of rural
land abandonment in the
Mediterranean area, Global and
Planetary Change, 2011, Vol. 79, No 1-
2, pp- 20-36.

Wuyun D., Sun L., Chen Z., Hou A., Crusiol L.

G. T, Yu L., Sun Z.,, The spatiotemporal
change of cropland and its impact on
vegetation dynamics in the farming-
pastoral ecotone of northern China,
Science of the Total Environment, 2022,

Vol. 805, Article: 150286.

Yu Z., Lu C, Tian H., Canadell ]. G., Largely

underestimated carbon emission from
land use and land cover change in the
conterminous United States, Global
change biology, 2019, Vol. 25, No 11.,
pp. 3741-3752.

D. V. Gichan, D. N. Tebenkova

wood for carbon sequestration for now
and as biomass, bioenergy and carbon
reserve for the future, Carbon Balance

and Management, 2011, Vol. 17, No 1,
p. 2.

Zhao L., Jia K, Liu X,, Li J., Xia M., Assessment

of land degradation in Inner Mongolia
between 2000 and 2020 based on
remote sensing data, Geography and
Sustainability, 2023, Vol. 4, No 2, pp.
100-111.

Zheljazkov A. L., Latysheva A. I, Seturidze D.

Eh.,,  Vlijanie stoimosti sel'sko-
khozjajjstvennykh ugodijj na
ehffektivnoe vovlechenie v oborot
nevostrebovanykh zemel' (The impact
of the value of agricultural land on the
effective involvement of unclaimed

land in circulation), Agrarnyjj vestnik

Urala, 2017, No 10 (164), pp. 69-76.

Zhu X., Xiao G., Zhang D., Guo L., Mapping

abandoned farmland in China using
time series MODIS NDVI, Science of The
Total Environment, 2021, Vol. 755, No
1, Article: 142651.

41



REVIEW FOREST SCIENCE ISSUES, 2024, VOL. 7, No 2. ARTICLE 148

Zomer R. ]., Neufeldt H., Xu ]., Ahrends A, Zumkehr A., Campbell ]J. E. Historical US
Bossio D., Trabucco A., Wang M., Global cropland areas and the potential for
Tree Cover and Biomass Carbon on bioenergy production on abandoned
Agricultural Land: The contribution of croplands, Environmental science &
agroforestry to global and national technology, 2013, Vol. 47, No 8, pp.
carbon budgets, Scientific reports, 3840-3847.

2016, Vol. 6, No 1, Article: 29987.

3APACTAHME 3EMEJIb CEJIbCKOX03SMCTBEHHOTI'O
HA3HAYEHWSA JPEBECHOU PACTUTEJ/IbHOCTbIO:
MACHITABBI, TIPUYHUHDI, ITYTHU UCITOJIB3OBAHHUA.
Ob30P

. B.I'nmuan®, /1. H. Te6eHbKOBa

Llenmp no npobaemam skos102uu u npodykmusHocmu secog Poccutickoll akademuu Hayk
Poccus, 117997, Mocksa, ya. [Ipogcorosnasi, 84/32, cmp. 14

*E-mail: DmitriiGichan@yandex.ru

[Toctynuaa B pegakyuio 11.08.2023
[Tocsie penensupoBanus: 15.09.2023
[IpunsaTa k neyatu: 18.09.2023

B craTbe mnpejcTaB/ieH 00630p POCCHUMCKHUX M 3apy0eXHbIX paboT, NOCBAILEHHBIX
KOJIMYeCTBEHHBIM OLleHKaM 3apacTaHud /[peBeCHO-KYCTapDHUKOBOM pPaCTHUTEJbHOCTBIO
CeJIbCKOX03MCTBEHHBIX 3eMeJIb U BO3MOXKHBIM IYTSAM UX UCN0J1b30BaHusA. 0co60e BHUMaHHe
yAenseTcd aHa/ld3y I[pPUYWH BbIOBITUA 3€eMesb U3 IM0Jb30BaHUA W NpobJeMaM
3aKOHOJATe/NbCTBa, OrpaHUYMBAWIIMM  IpeJfoCTaBJeHHWe  TaKUX  Y4aCTKOB  JJd
JiecoBbIpalliBaHus Ha TeppuTopuu Poccum. [lo pa3HbIM onjeHKaM mJolazb 3a6polIeHHBIX
CeJIbCKOX03MCTBEHHbIX yTOAUK B MUpe BapbupyeT oT 150 f10 472 miH ra, B Poccun — ot 33
fo 100 maH ra. [Ipy 3TOM OoTMevaeTc TpeHJ K YBeJHWYEHUIO IJIOIIAJU TaKUX 3eMeJlb.
CKOpOCTb, C KOTOPOM YBEJIMYUBAIOTCA IJIOLWAAM 3a0pOIIEHHBIX CEJbCKOX03MCTBEHHbIX
3eMeJlb, B CpeJjHeM coCTaBJigeT 0KoJ10 1% B rof. OHa MOXeT pa3/iIn4yaThCsd BO BpEMEHH, a TaKxXKe
3aBHCeTb OT peruoHa. OCHOBHbIe Ipynibl paKTOPOB, CIOCOOCTBYIOIME 0OPAa30BaHUIO0 TAKUX

TeppHTopHﬁ: COLlKMaJIbHEBIE, 3KOHOMMHYECKHE, 3KOJIOTU4Y€eCKue, JIaH,E[H.Ia(l)THbIe H
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uctopudeckue. Haubosiee nepcreKTUBHO BOBJIeYeHHE TaKUX 3eMeJlb B JIECOKJIUMATHUYECKYIO
JlesiTeJIbHOCTb, OCOOEHHO /[iJIs arpoJieCOBOJCTBA. JTO CBSI3aHO C MYJIbTUIJIMKaTUBHBIM
3¢ deKTOM, C 0OJHON CTOPOHBI, OT NOJYYEHHS JIECHBIX TOBAPOB, B T. 4. OM0O3IHEPTETUYECKUX, U,
C IPYyroi CTOPOHBI, YCJAYT OT HCNOJIb30BAaHUS B PAacCTEHUEBOJYECKOW WUJIM CKOTOBOJYECKOU
JlesiTeJIbHOCTU. B HacTosi1ee BpeMsi B Poccuu HeT 3aKOHO/,aTe/IbHOW OCHOBBI, pa3peliarlei
Jlecopa3sBeileHMe Ha 3eMJISIX CeJbCKOX03WCTBEHHOTO Ha3HAyeHHUs, 3a MCKIYEeHUEeM
NoJie3alUTHbIX HacaXKJeHUW, HEeCMOTpsT Ha aKTHUBHYI IO3ULMI0 3auHTepPecOBaHHbIX
OpraHMU3aLUH U CTPYKTYP BJIACTH, I03TOMY Heob6x0iMMa ee pa3paboTKa.

Katoueaswle ca08a: 3emMau ces1bCKOX03UCMBEHH020 HA3HAYeHUs, 3apacmdaHue, (ﬁaK'mOpbl
3apacmaHus, JlecokAuMamuveckutl npoekm
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